pH Sensing by the calcium-sensing receptor.
The calcium-sensing receptor (CaR) is activated by small changes in the ionic extracellular calcium concentration (Ca(o)) within the physiological range, allowing the parathyroid gland to regulate serum Ca(o); however, the CaR is also distributed in a number of other tissues where it may sense other endogenous agonists and modulators. CaR agonists are polycationic molecules, and our previous studies suggest that charged residues in the extracellular domain of the CaR are critical for receptor activation through electrostatic interactions. Therefore, pH could also potentially modulate CaR activation by its polycationic agonists. Changes in the concentration of extracellular H(+) substantially altered the activation of the CaR by Ca(o) and other CaR agonists. The effects of external pH on the CaR's sensitivity to its agonists were observed for both acidic and basic deviations from physiological pH of 7.4, with increases in pH rendering the receptor more sensitive to activation by Ca(o) and decreases in pH producing the converse effect. At pH values more acidic than 5.5, CaR sensitivity to its agonists showed some recovery. Changes in the intracellular pH could not account for the effects of external pH on CaR sensitivity to its agonists. Other G-protein-coupled receptors, which are endogenously expressed in human embryonic kidney 293 cells, showed little change in activity with alterations in external pH or effects opposite those found for the CaR. Extracellular pH directly alters the CaR in the case of Ca(o) and Mg(o) activation; however, the charges on many organic and inorganic agonists are pH-dependent. Activating CaR mutations show reduced pH(o) modulation, suggesting a molecular mechanism for increased CaR activity at physiological pH(o). Several CaR-expressing tissues, including regions of the stomach, the kidney, bone, and the brain, could potentially use the CaR as a sensor for pH and acid-base status.